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BASIC-ABSTRACT: The coating cn a sur face- coat ed article consists of at 
least 

Ti, Al, V, 0 and N. Also claimed is a process of coating a substrate by 
p lacing 

it f^rozimate to an anode in a housing also including a cathodic target 
mfd. 

from at least Ti, Al and V, evacuating the housing to 0.1 to 0.001 torr 
and 

then introducing C'2 and N2 while imposing a p^otential between target 
and anode 

to form the eclating. 

The coating also includes Mo and Y and is 2.0-8.0 x 10 power minus 5 
and esp. 

6.5 X 10 power minus 5 thick. Ti, Al and V, opt. Mo, are present in a 
ni t r ide 

cr cxide form. The target comprises Ti, Al, Mo and V and the potential 
k-etween 

it and the anode is 500-1000 V. A bias electrode is included and has a 
f'Ctential relative to the cathode of 22,0-23.0 below the potential 
t et ween 

anode and cathode. The vacuum is maintained at 0.01 torr and the gases 
are 

introduced in the wt . ratio 1-1.25 pt. 02 to 1 pt . N2 , The cathode 
c c mp' r i s e s 

concentric rings with the substrate located t^etween them. 
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USE/ADVAIJTAGE - The substrate is a machine tool mfd. from steel, 
stainless 

steel, titanium, carbide or inccnel alleys and is uniformtly coated over 
its 

surface, or the substrate is A1203, 313114 or 3i02. Other typical 
substrates 

are airfoils and turkdne trades. In a three electrode cathcdic 
sp'Uttering 

prrcess, a durable Ti-contg. coating is obcd. using a stationary jig 
and such 

that the presence of a hdasing electrode reduces inclusion :f 
impurities in the 
coating . 
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E'ERWENT-CLASS : L02 Ml: P7 3 X2^' 
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KWIC 

AE>TX : 

The coating on a surf a re-coat ed article consists of at leasr Ti, Al , V, 
0 and 

N. Also claimed is a process of coating a substrate by placing it 
P'rctximate to 

an anode in a housing also including a cathodic target mfd. from at 
least Ti, 

Al and V, evacuating the housing to 0.1 to 0.001 torr and then 
introducing 02 

and N2 while imposing a potential between target and anode to form the 
coating . 

ABTX : 

The coating also includes Mo and Y and is 2.0-8.0 x 10 power minus 5 
and esp. 

6.5 X 10 pDwer minus 5 thick. Ti, Al and V, opt. Mo, are present in a 
ni tride 

or oxide form. The target comprises Ti, Al, Mo and V and the potential 
between 

it and the anode is 500-1000 V. A Idas electrode is included and has a 
P'Otential relative to the cathode of 22.0-23.0 below the potential 
between 

anode and cathode. The vacuum is maintained at 0.01 torr and the gases 
are 

introduced in the wt . ratio 1-1.25 pt, 02 to 1 pt . N2 . The cathode 
compr i ses 

concentric rings with the substrate located between them. 
ABTX : 

USE/ADVA1:TAGE - The sut'Strate is a machine tool mfd. from steel, 
stainless 

steel, titanium, carbide or inconel alloys and is uniformly coated ever 
its 

surface, or the substrate is A1203, Si3N4 or Si02 . Other typical 
substrates 

are airfoils and turkme klades. In a three electrode cathodic 
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sputtering 

process, a durable Ti-ccntg. coating is obtd. using a stationary 
and such 

that the presence cf a biasing electrode reduces inclusion of 
impurities in the 
cc ating . 

TTX: 

COATING MACHI!IE TCC'L CCMPF:ISE MICKEL@ ALUMINIUM^ VAI4ADIUM@ OXYGEN 
NITROGEN 

OBTAIN THREE ELECTRODE CATHODE SPUTTER PROCESS STATIC JIG BIAS 

ELECTRODE REMOVE 

IMPURE 
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United States Patent C'ffice 3973211 58 3, 732, 15 8 METHCT' AIJD APEAR^iTUS 
FC'R 

sFUTTERiNi;; utilizii:g .^j: apef.tuf.ed ele:tR'3de a];j a pulsed substfate bias 

J~hn S. 

E r zybys zewski , L'orth Olmsted, and F:i chard K, 5 Shaltens , Lakewcod, 
Chio, 

assignors to the United States of America as represented by the 
Adminr s tratcir 

of the National Aeronautics and Sfiace Administration Filed Jan. 14, 
1971, Ser. 

No. 106,424 Int, CI. C23c 15100 10 U.S. CI. 204-192 7 Claims ABSTRACT 
OF THE 

DI SCLC^SUF'.E Comhanin-g the advantages of ion plating with the 
ver-satility of a 

radio frequency sputtered scurce. A pulsed high 1,5 voltage direct 
current is 

passed to the article being plated during radio frequency sf; uttering. 
CRIGIN 

OF THE INVENT I C'N' 2 0 The inventic^n described herein was made by 
employees of the 

United States Gcvernment and may be manufactured and used 1: y or for 
the . 

Gcvernment for governmental p'Urposes withcut the payment of any 
royal ties 

thereon or 25 therefor. BACP:GF0UND OF THE INVENTION This invention is 
concerned 

with plating adherent fflms p articularly dijrected to ion plating 
alloy films 

on such o bjects using a radio frequency sputtered source. The ion p 
1 at ing 

process is modified because this source supplies fdm material at a much 
slower 

rate than the usual thermal e vaporation source. 3 5 I n the past 
s everal 

methods were used to deposit various t ypes of films on simple as well 
@as 

geometrically ccmplex o bjects. Vjhile each process is satisfactory for 
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certain 

a ppl , ications , p'TDblems have been encountered with all o f these 
methods . 4 0 

Ccnve, ntional vapor defiositicn is conducted 'm a vacu- U M of 10-6 to 
10-6 

torr. The use of conventional vapor d ef;Dsiticn has been generally 
res t rieted 

to the, eleiTLental metals, although some mietal alloy syszesrcis as well as 
cer- t 

ain semiconductors and nonconductors have been vapor 4 5 d ep^osited. 
The high 

vacuum used in vap'or depositio-n re- d uces the concentration of gas 
molecules 

which increases t he mean free path. Ver^' little scattering of the film 
mate- 

ri a,l results, and the process is limited to line-of- sight 5 0 d 
eti'os ition . 

The coating of complex geometries by vapor d f, position is cc'nditioned 
ioTi the 

rotatian of the object to b e coated. Adherence of a vapor deposited 
film is 

poor b ecause of the IC'W energy of the impinging film material. The 
film 

adhesion is improved when either direct cur- 5 5 r entOTradic frequency 
sputtering is used. Li^irect :;urrent s puttering has been successful 
f or 

depositing elemental metals, semiconductors, and metal alloy systems. 
This 

type c f sputtering is not useful for depositing nonconductors. Radio 
frequency sputtering has hoen used for depositing (; 0 e lemental 
metals, metal 

alloy systems, semiconductors, a nd nonconductors. This type of 
sputteling is 

net limited b y the nature of the film material. It can be used to 
sp'Ut- t er 

almost any material from insulators through semi- con,ductors to 
metals . 6,5 

Radio frequency and direct current sputtering are generally done in an 
atmosphere having a pressure in the range of about 5 to 20 microns. 
E.ecause of 

this relatively high pressure the sputtered material is scattered. The 
mean 

free path is short, and the material is diffused rapidly as it 70 
leaves the 

source. Even though this tscattering effect causes film formation on 
surfaces 

not directly facing the source PatentedMayS, 197 32 
material, 

both RF and DC sputtering are considered to be line-of- sight 
depositic'n 

p.rocesses. The low energy of the impinging film material adversely 
a f f ects 

film adherence. Ion pleating is performed at about the same pressure 
as RF and 

DC sputtering. A high voltage is ^applied to the object to be coated. 
This 

results in a uniform coating on all sides without rotating or moving 
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either the 

object or the source of filiTi rriaterial. vvHe the 
adhesion, 

problems have been encountered because, the process utilizes a thermial 
evaporation source. This lin-tits the filin materials to the elemental 
metal s 

and those comipcunds v/hich do not disscciatebef ore they evaporate. S U 
M M A R 

Y , 0 F T H E I M V - E H T I 0 N These prfSklems have been solved by 
the 

present in'^vention which utilizes radio frequency sputterin;; with a 
pulse-d 

high voltage direct current. The process is not liniited to a 
1 me- of -sight 

deposition, and complex geometries can be plated without rotation. The 
p r o c e s s 

is useful fo^r plating adherent films of elemental metals, mietal alloy 
s ys t ems , 

semiconductcrs, and nonconductors. C B J . E C T S - C' F T H E I N V 
E N T I 

0 U It is, therefore, an object of the present invention to plate an 
adherent 

alley film, on an object having a geometrically compdex configuration. 
Another 

object of the invention is to provide an improved plating method which 
cornbd nes 

the advantaiges c-f tered source. A further cbjert c> f the in\'ention is 
to 

provide an improved method for plating alloy filn-is on complex 
-eome tries 

v/ithcut rotation during the plating process. These and other objects 
of the 

invention will t^e apparent from the specification which follows and 
from the 

drawing wherein hke numerals are used throughout to identify like 
p^arts . 

E'ESCFIPTION OF THE DFAWING The figure is a schematic diagram, of a 
sys t em 

constructed in accordance with the invention for plating adherent 
alloyed films 

on geometrically complex objects. DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawing there is shown an ot^ject 10 which is to be 
coated 

in accordance with the present invention. The object 10 may be any 
electrically conductive article having either a isimple or 
geometrically 

complex configuration. By way of example the invention has been 
utilized to 

coat bearings with ia solid lubricant. The object 10 is mounted in a 
chamber 

12 that IS co'nnected at 14 to a suitable vacuum pumping system. A 
target 16 of 

the material to bff, sputtered is likewise located in the chamb^er 12. 
The 

target 16 is connected to a radio frequency powder source 18 through; a 
matching 
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network 20. This RF sputtered source 16 is utilized instead of a 
thermal 

e\''ap oration sour cenc rmally used in ion plating. As stated earlier, 
certain 

modifications are required because the F:F sputtered source 16 supplies 
f itrri 

mEiterial ata much slower rate than a thermal e\^aporation source. A 
suitable 

gas is supplied to the charrJ:;er 12 at an inlet 22. Argon is preferably 
used . 

The object 10 to be plated is connected to a high voltage, dirert 
outr ent 

source 24. The -source 24- p-referably has a range of 0 zo 5 kilovolts. 
In 

this manner the ion plating is carried cut in a low pressure ionized 
gas ecus 

atmosphere with the object 10 to be pdated forming a cathode that is 
maintained 

at a high negative p'otential from the source 24. Consequently, the 
object 10 

to be plated is continuously I :>ijmh)arded or sputtered hy -ions before, 
during 

and 'after film material on cbiects having comi^lex gecmetries. The 
invention 

is 'o 0 ion plating with the versatility of a radio frequency sput- 

3 enters the ionized gas. If the evaporation rate of the film material 

is too 

slow the film on the obje:t to he plated v;ill Ye sputtered away as fast 
as it 

develop'S, and nc- fflm will result. E'.eoause the RF sputtered source 16 
is 

inherently slow, no film would develop under normal ion plating 
conditions . 

According to the present invention the ion plating process has k^een 
modified to 

reduce the rate of sputtering off of the newly formed film by providing 
a timed 

switch 26 hetween the source 24 and the object 10. The reduction in 
the 

sputtering off rate is accomplished by pulsing the negative high 
voltage DC 

from the source 24 to the object 10 by means of the timed switch 26. A 
third 

electrode 28 is positioned in the chamb^er 12 to establish a common 
electrc-de 

between the RF power source 18 and the DC power source 24. The 
electrode 2 8 is 

connected to the high voltage DC power source 24 through an RF choke 
30. The 

electrode 28 forms an anode with respect to the cathode 10. The radio 
frequency P'Ower source 18 is connected to the electrode 28 through a 
capacitor 

32. A kypass capacitor 34 is likewise provided. This third electrode 
28 is 

preferably in the form of a perforated plate or screen that is located 
between 

the sputtered source 16 and the object 10, The screen has an aperture 



03/15/2002, EAST Version: 1.03.0002 



in the 

center to enable sp^uttered material to pass tO the object to be plated. 
In 

cp'eration, the object 10 is rricunted in the charrib^er 12 together vjith the 
target 

Ir of material to k e sputtered. The charriber 12 is partially evacuated 
and a 

gaseous atmosphere fromi about 10-20 microns pressure is established. A 
hi gh 

vcltage DC negative pc^tential of 2 to 5 kilovolts with respect to the 
screen 28 

is continuously applied to the object 10. This establishes a glow 
di s char ge 

within the vacuum charrib'er 12 to sputter clean the object 10. After a 
predetermined p'ericd cf sputter cleaning, the high vcltage DC source 24 
is 

deenergized and the gaseous pressure is lowered to about 1,0 microns. 
The RF 

power sDurce IB to the film miaterial 16 is energized, and sputtering of 
the 

film material begins. At this point the high voltage DC scurce 24 is 
switched 

to a timed on-:ff mode by the switch 26. In this manner the high 
voltage DC is 

reenergized and reapplied to the object 10. The pulsed high voltage 
direct 

current RF sputtering process produces an intense electric field which 
completely surrounds the ob^ject 10. This can be seen as a dark space 
around 

this obiect. Any ionized material entering this region gains kinetic 
energy 

from the field and impacts on the surface of the object 10 with great 
force . 

This contrikutes to improved adhesion. The dark space, in effect, 
represents 

essentially a source of film material takes on the general outline of 
the 

object ICi. The high voltage DC negative potential on the object 10 is 
maintained throughout the plating. The process is continued until the 
desired 

fUm is oh'tained. The reduced sputtering rate of the film on the object 
10 

results in the formation of a visible film having excellent adherence 
and 

covering the entire object. EY, AMPLE Pulsed hi_eh vcltage direct 
current radio 

frequency sputtering was used to plate antifriction hearing components 
wi th a 

solid lubricant film of molybdenum disulfide. The plating conditions 
are as 

follows: Total coating time each component: 3 hours F.adio Frequency 
Input Pcwer 

to @ource Material: 700 watts at 7 megahertz Maximum pulse amplitude to 
specimen- 2000 V-DC, negative Pulse form: 15 seconds on; 5 minutes off; 
5- duty 

cycle Specimen to screen distance: 2.5 inches 31'732 1158 4 Specim.en tc 
s our ce 
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distance: appr cximatel y c inches Charriber pressure: 5 microns; argon The 
compcnents were asserr±;led and the bearing was tested. The bearing was 
Satisfactory for its intended use. .5 VJhile one erribo , diment of the 
invention 

has teen shown and described it will be apperciated that various 
ifijdi fi cations 

to the inventic'n may be made without departing from: the spirit of the 
mventi zn 

or the scope of tne subjoined claims. 10 What is claimied is: 1. In a 
sputtering ap^paratus, including a vacuum chamber, means for aidmdtting a 
gas 

into said chamiber, target holding means for supporting the material to 
be 

sputtered, substrate holding means for supporting a substrate 15 to be 
coated, 

means for applying RF potential to said target to sputter said 
material, and 

means for ap:plying a hi jh voltage direct current to said substrate; the 
improvement wherein an apertured electrode is disposed between said 
subs t rat e 

holding means and said 20 target holding means, said electrode being 
connected 

to said means for ap^plymg RF potential and said means for applying a 
high 

\'cltage direct current v;hereby a high voltage direct current negative 
p c tential 

v/ith respect to said electrode is ap>plied to 2.5 said substrate holding 
means 

and an RF potential is applied to said target holding means to sputter 
said 

material, and timed switch means connected to said means for applying a 
high 

voltage direct current, said timed switch 30 means enabling said high 
voltage 

direct current negative potential to be pulsed from of about 15 seconds 
on and 

al:out 5 minutes off. 2. Apparatus as claimed in claim I wherein said 
ap'er- 

tured electrode is a screen. 35 3. Apparatus as claimed in claim 2 
wherein the 

screen has a centrally disposed aperture therein. 4. In an RF 
sputtering 

process wherein an F;F potential is applied to a target to sputter 
material from 

the target onto a substrate, the improvement comprising disposing 40 an 
apertured electrode between the target and the sub- strate, connecting 
said 

electrode to a source of RF pDtential and to a source of high voltage 
di rect 

current, and applying to said substrate a high voltage direct current 
ne ative 

p.otential pulse from of about 15 seconds on and 45 9 about 5 minutes 
off. S. A 

method as claimed in claim 4 wherein said pulsed voltage is a potential 
cf 

about 2 to 5 kilovolts. 6. A m.ethcd as claimied m claims 4 including 
disposing 
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50 said target about 2.5 inches from said apertured electrode and sa 
substrate about 6 inches from said apertured electrode. 7. A rr.etho 
as 

claimed in claim 6 v/herein argon is utilized at a pressure of about 
mi crons . 
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